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Introduction:  
  Denatonium benzoate (DB) is the bitterest substance in 
existence and it is often added to common products such as 
paint or nail polish to deter consumption. In late 2012, the 
Consumer Specialty Products Association and Humane 
Society Legislative Fund made an agreement that DB would 
be added to antifreeze and engine coolant to prevent 
ingestion and accidental poisoning. There are already laws 
in several states mandating the addition of 30 ppm DB to 
antifreeze and engine coolant sold or manufactured in the 
state.  However, there are concerns that improper disposal 
or spillage of these products could lead to runoff or seepage 
of the bittering agent into drinking water sources such as 
groundwater or river water. Since humans can detect DB by 
taste at low concentrations (0.05 ppm taste threshold), 
water contaminated with DB would be unpalatable. This 
study explores the removal of DB from drinking water 
sources through oxidation with chlorine- a common 
disinfectant used for drinking water treatment. 
Results:  
     In prior tests using organic-free water, as the pH 
increased from 7 to 8 or 10, DB removal decreased. When 
2 ppm of chlorine was added to organic-free water (pH~7) 
containing 70 ppm DB, the average DB removal was 75% 
(Figure 4).   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
For groundwater with a pH of 6.3, the average removal 
was 4.8%. For softened groundwater (pH of 9.3) and 
softened-settled groundwater (pH 7.9), the average DB 
removal was 7.1% and 2.9%, respectively.  The percent 
DB removed for these groundwater samples were only 
statistically significant for an 80% confidence level using a 
two-tailed t-test.   
  
Major Findings and Future Work:  
• Water pH conditions higher than 7 result in lower DB 
removal via chlorine oxidation (Cl2 added to water forms 
a stronger oxidizer at pH 6-7.5 than higher pH values)  
• DB possibly sorbed to softening precipitates and flocs 
formed in the softened groundwater sample, thereby 
yielding higher DB removal despite the water sample’s 
high pH  (9.3); softening precipitates also caused a 
higher turbidity for the softened groundwater sample 
• Oxidation treatment with chlorine was not successful in 
lowering the DB concentration below the taste threshold 
of 0.05 ppm to make water palatable 
• Future research will examine DB removal using 
flocculation and sedimentation treatment and powder 
activated carbon adsorption with oxidation  
Figure 1: Rotary Shaker 
     The high-performance liquid chromatography 
instrument (HPLC) quantified DB in a liquid sample by 
passing a solvent mixture (e.g. water and acetonitrile), 
known as the mobile phase, and the sample through a 
chromatographic column  at very high pressures. The 
instrument measured the retention time of the sample’s 
components from the chromatographic column and 
these components were detected using a UV-VIS 
detector.  
      After the analysis was complete, a chromatogram 
was generated (Figure 2) and the DB peak was 
identified. A set of DB standards (5, 10, 30, 50, and 100 
ppm DB) were run with each set of samples analyzed.  
The standards were used to develop a calibration curve 
(Figure 3) that provided a linear mathematical 
relationship between DB peak area (y-axis) and DB 
concentration (x-axis).  The calibration curve equation 
was used to determine the DB concentration in an 
experimental sample by using the sample’s DB  peak 
area.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2:  HPLC Chromatogram and peak for DB 
Materials and Methods:  
     Oxidation batch tests were prepared in 24-mL amber 
vials by spiking a water sample to achieve 70 ppm DB (63 
ppm DB for organic free water sample). The water samples 
included organic-free water, groundwater, softened 
groundwater,  and softened-settled groundwater.  Water 
quality characteristics for each water sample are shown in 
Table 1.  To perform oxidation, 2 ppm Cl2 was added to the 
samples. For every experiment, blanks were made that 
contained the water sample spiked with the  same  initial 
DB concentration and three replicates of samples were 
prepared.  All samples were mixed for 30 minutes on a 
rotary shaker and then 2000 mL aliquots were placed into 
vials to quantify the DB concentration remaining using a 
high-performance liquid chromatography instrument 
(HPLC).   
Figure 4. Percent DB Removed from Various Water Samples 
(70 mg/L initial DB concentration, 2 mg/L Chlorine dose, 
varied pH) 
Water Sample Turbidity (NTU) pH
Organic Free Water - ~7
Groundwater 0.13 6.3
Softened Groundwater 165 9.3
Softened-Settled Groundwater 2.1 7.9
Table 1: Water Quality Characteristics
